Background: Mitral regurgitation (MR) has a severe impact on hemodynamics and induces severe structural changes in the left atrium. Atrial remodeling is known to alter excitability and conduction in the atrium facilitating atrial fibrillation and atrial flutter. PMVR is a feasible and highly effective procedure to reduce MR in high-risk patients, which are likely to suffer from atrial rhythm disturbances. So far, electroanatomical changes after PMVR have not been studied.
| INTRODUCTION
Mitral valve regurgitation (MR) contributes significantly to morbidity and mortality of heart failure and is the second most frequent indication for valvular repair. 1 With advances in catheter-based mitral valve repair using an edge-to-edge repair strategy (PMVR), a nonsurgical Hou Bo and David Heinzmann share first authorship. Johannes Patzelt and Peter Seizer share senior authorship. treatment option has successfully been established in clinical practice (MitraClip) . While a reduction of MR has obvious hemodynamical advantages by increasing the effective left ventricular stroke volume and cardiac output, 2 other secondary effects have been described. In a previous study, we have found that improved mitral valve coaptation and improved mitral valve annular size correlates with residual MR after PMVR using the MitraClip system. 3 Furthermore, a recent study has found a significant decrease in left atrial operating chamber stiffness after deployment of PMVR. 4 Increased strain of the left atrium through MR induces a significant remodeling of the affected atrial myocardium, which is an ideal substrate for atrial rhythm disturbances, especially atrial fibrillation (AF). 5 With a reduction of MR, a reverse remodeling of the left atrium could be beneficial to preserve normal electrical conduction and hemodynamical function.
In the current study, we were therefore interested whether a change in hemodynamics through PMVR alters electrical activation of the atria. Thus, we performed an extensive analysis of patients undergoing PMVR to establish whether atrial unloading induces changes in electrocardiogram (ECG) morphology.
| METHODS

| Study cohort
Of 233 patients undergoing PMVR using the MitraClip system (Abbott Vascular, Chicago, Illinois) with MR grade 2+ to 4, patients were included in the study with ECG in sinus rhythm at baseline and within the first 2 days after PMVR and/or at the follow-up visit to evaluate P wave characteristics (n = 104, Figure 1a ). Patients with a previous medical history of AF were included in the analysis when ECGs at the specified timepoints showed sinus rhythm. The mean follow-up time was 6.95 months. Interdisciplinary decision to perform PMVR was made based on the EuroSCORE (European System for Cardiac Operative Risk Evaluation) and additional relevant risk factors for poor surgical outcome. Adequate pharmacological heart failure treatment, according to current guidelines, had to be established at least 3 months prior the intervention. Of the patients in the cohort on anticoagulation, 48% took NOACs, whereas 41% of patients took vitamin K antagonists. Patients meeting predefined exclusion criteria 6 were not treated with PMVR. The study was approved by the local ethics committee (#260/2015R). follow-up. 7 MR severity after the intervention was assessed using a method described by Foster et al. 8 
| Electrocardiogram analyses
| Statistical analysis
Statistical analysis was performed using GraphPad Prism (Ver. 8, Gra-phPad Software, La Jolla, California) and SPSS (Ver. 24, IBM Deutschland GmbH, Ehningen, Germany). Categorical variables are expressed F I G U R E 1 Flow chart of patient cohort and evaluation strategy. Of 233 patients undergoing percutaneous mitral valve repair (PMVR), 104 patients were included in the study with electrocardiogram (ECG) in sinus rhythm at baseline and within the first 2 days after PMVR and/or at the follow-up visit to evaluate P wave characteristics (a). Patients with a previous medical history of atrial fibrillation (AF) were included in the analysis when ECGs at the specified timepoints showed sinus rhythm. (b) illustrates obtained ECG measurements including P wave amplitude (a), P wave duration (b), PR interval (c), QRS duration (d), and QT interval (e) within the time course of PMVR as absolute numbers or as percentage, continuous variables as mean ± SEM, or mean ± SD were specified. Paired t test was used to compare means, and P < .05 was considered statistically significant.
| RESULTS
| Baseline characteristics
The baseline characteristics of the patient cohort are summarized in Table 1 . The reduction of MR after PMVR is illustrated in Figure 2 
| PR interval shortens after PMVR
Furthermore, we observed a decrease in PR interval from 176.3 ± 4.5 ms to 169.8 ± 4 ms after PMVR (P < .05). Similar to the other atrial parameters, the mean PR interval did not change significantly during follow-up compared to post-PMVR (166 ± 6.7 ms, P > .05, Figure 3 ).
| Ventricular excitation is unchanged by PMVR
PMVR had no effect on QRS duration, neither after the procedure, 
| DISCUSSION
PMVR is now a widely used approach to reduce MR in patients unsuitable for surgical repair of the mitral valve. With MR being a well-established risk factor for severe left atrial remodeling, PMVR might be a tool to reduce atrial strain and have a beneficial effect on atrial conduction.
In this study, we describe for the first time distinct changes of atrial conduction found in surface ECGs of patients undergoing PMVR: (a) after PMVR, P wave duration PR interval, and P wave amplitude showed a strong decrease compared to baseline, (b) at follow-up, P wave duration, PR interval, and P wave amplitude remained unchanged compared to post-PMVR values, (c) QRS duration, QRS axis, and QT interval were not affected by PMVR.
In our cohort, patients undergoing PMVR experienced a significant reduction of MR, illustrated in Figure 2 .
Atrial enlargement has been found to be an independent predictor for onset of AF after mitral valve repair, with atrial remodeling being the major culprit of electrical instability and susceptibility for AF. 9 We and others have observed that PMVR results in significant geometrical changes, especially of the left atrium. 3 Study participants for increased P wave duration and PR interval. 19 Furthermore, a decrease of P wave amplitude is associated with lower recurrence rates after cryoballoon ablation of AF. 20 It is therefore stimulating to speculate whether the observed changes in atrial conduction and excitation have a clinically relevant impact on the occurrence of atrial rhythm disturbances, especially AF. The combination of reverse atrial remodeling regarding electromechanical and geometrical changes and reduced atrial strain through a reduction of regurgitation could stabilize the atrial substrate, reducing new onset of AF.
We did not see changes of atrial conduction during the follow-up period, which could be due to the fact that PMVR is usually performed in patients with a protracted history of myocardial and cardiovascular disease promoting atrial remodeling. Furthermore, the follow-up period might have been too short to see long-term effects of atrial reverse remodeling after initial unloading of the left atrium has equilibrated. Interestingly, we did not observe significant changes in ventricular conduction, although PMVR increases the effective left ventricular stroke volume through reduction of MR. 
| LIMITATIONS
CONCLUSION
In the current study, we provide data illustrating a decrease of P wave duration and amplitude, as well as a reduction of PR interval through reduction of MR using PMVR.
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